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E L S E V IE R
ADULT UROLOGY
QUANTITATIVE ASSESSMENT OF UROFLOW: IS THERE A 
CIRCADIAN RHYTHM?
WIM P. J. WITJES, HESSEL W1JKSTRA, FRANS M. J. DEBRUYNE,
A N D  JEAN J. M. C. H. DH l a  ROSETTE
ABSTRACT
Objectives. To investigate if the circadian rhythm of urinary flow values varies within groups of patients with 
varying degrees of biadder outlet obstruction.
Methods. A tota l of 170 patients with lower urinary tract symptoms suggestive of bladder outlet obstruction 
used a home-based uroflowmeter and produced a total of 1670 correctly measured flows at home. These 
patients also underwent a screening program with free urinary flowmetry in the hospital and a urodynamic 
pressure and flow study.
Results. There is a circadian variability in urinary flow values in men with higher grades of obstruction. These 
men have a higher peak urinary flow with a smaller voided volume and thus a shorter flow time in the early 
afternoon when compared with late evening, early morning, and the midnight to morning periods. 
Conclusions. This significantly greater maximum flow in the afternoon in men with higher grades of obstruction 
can be an important bias in studies where the primary end point is to assess a small improvement in maximum 
flow. Therefore, the circadian rhythm of urofiow has to be taken into account in the evaluation of the efficacy of 
treatment. Patients participating in clinical research studies should produce their urinary flow in the clinic always 
during the same time period, either in the morning or in the afternoon, and should not switch their appointment 
time. UROLOGY 50: 221-228, 1997. © 1997, Elsevier Science Inc. All rights reserved.
Single uroflowmetry may not be sufficiently re­liable for the determination of bladder outlet 
obstruction (BOO) because many patients are u n ­
able to relax and void in the normal fashion while 
at the clinic. Therefore, Blaivas1 has suggested that 
multiple samples are m ost efficient for enhancing 
an accurate assessment. For this reason, many 
units have developed urine-flow clinics to obtain 
multiple uroflowmetry results. Although this ap­
proach increases the num ber of reliable measure­
ments, it is still not an ideal situation because it is 
both time-consuming for the patient and doctor 
and the patient is still no t voiding under “norm al 
conditions.” To overcome these problems, several 
home-based systems of uroflowmetry have been 
introduced.2”5 W e recently reported on a system 
designed and developed to provide reliable results;
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it is easy to use by the patient at home, has quality- 
control of flow measurem ent, is handheld for prac­
tical use, uses hygienic disposable beakers, and 
gives results that are quickly and easily available.4 
However, it was concluded that, w hen m ultiple 
samples are available, the problem  arises as to 
w hich sample(s) should be used for the evalua­
tion, particularly if the reported circadian changes 
are of clinical relevance.2,5"7
In the present study, the results from the afore­
mentioned portable home-based uroflowmeter were 
used to evaluate circadian changes in uroflowmetry 
parameters in patients w ith lower urinary tract 
symptoms. Furthermore, we investigated if circadian 
changes vary within various obstruction groups ac­
cording to the Schafer8 linear passive urethral resis­
tance relation (LPURR) nomogram.
PATIENTS AND METHODS
A total of 170 consecutive patients (mean age 62 years, 
range 38 to 80) with, voiding complaints were seen in the 
outpatient department; all were evaluated initially by a med­
ical history, an International Prostate Symptom Score (IPSS), 
a physical examination including digital rectal examination 
and transurethral ultrasonographic examination of the pros- *
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TABLE I . The median number (range) of flows per patient for each daytime period as well as the 
  total number of flows within each obstruction category
Category Midnight-6 a m 6 AM-Noon
LPURR = 0, 1 1.0 (0-4) 2.0 (0-5)
(n = 64] 89 154
LPURR -  2, 3 1.0 (0-5) 3.0 (0-5)
(n = 70) 98 206
LPURR = 4, 5, 6 1.0 (0-4) 3.0 (1-6)
(n = 36) 49 108
K ey: L P U R R  =  linear passive urethral resistance relation.
Noon-6 p m 6 PM-Midnight Total
3.0 (0 -6) 3.0 (0 -6 ) 10.0 (3-12)
181 181 605
3.0 (0 -6) 3.0 (0-5) 1 1.0 (3-12)
208 194 706
3.0 (0 -6) 3.0 (0-6) 10.5 (4 12)
105 97 359
TABLE II. Mean flow values for the flow produced in the hospital and for those produced at
home for each daytime period indicated for each obstruction category *
Hospital Midnight Wilcoxon Wilcoxon
Flow -6  a m  P Value 6 AM -N oon P Value Noon-6 p m
Wilcoxon 
P Value
Voided volume (mL) 
LPURR = 0, 1 
LPURR -  2, 3 
LPURR = 4, 5, 6
P <0.01
240
191
P =  0.14
300
277
Maximum flow (mL/s) P <0.01
LPURR = 0, 1 
LPURR = 2, 3 
LPURR = 4, 5, 6
Mean flow (mL/s) 
LPURR = 0, 1 
LPURR = 2, 3 
LPURR -  4, 5, 6
Flow time (s) 
LPURR = 0, 1 
LPURR = 2, 3 
LPURR = 4, 5, 6
13.9 
1 1 . 1
7.9
P <0.01
7.2
5.7
4.0
P<0.01
14.8
11.9 
7.6
P <0.01
8.4
6.2
4.3
P = 0.09 P < 0.01
45 43
46 49 
55 63
->0.25
<0.01
< 0.01
0.57
0.49
0,06
0.93
0.23
0.03
->0.15
< 0.01
<0.01
P <0.01
249
209
167
P <0.01
14.3 
11.9
8.3
P <0.01
7.8 
6.5
4.8
P = 0.1 4
33
37
40
< 0.01
< 0.01
->0.05
0.1 3 <-
-■-> <0.01 <— 
0.03
0.13
0.03
0.02
-> < 0.01 
< 0.01 
< 0.01
P <0.01
204
189
143
P <0.01 
14.3
13.0
9.6
P <0.01
8.0 
7.0
5.7
P -  0.84
28
30
29
0.12
0.20
0.42
0.96
0.54
0.03
0.38
0.72
0.05
6 PM-
Midnight
P <0.01
198
149
P <0.01
14.4
12.7
8.7
P <0.01
8.2
7.0
5.0
P = 0.29
<0.01 31 
—► 0.04 32 
0.08 33
Knv: LP U R R  =  linear passive urethral resistance relation.
* Bold P values indicate the coiupansou between obstruction groups (Krusfiiil-Wa!!is one-way ANOVA test). Wifcoxou P values indicate the comparison between speci/ic 
periods of time to the left and right of  the P value (arrows) mfltc/icii-pairs signet/-rank test).
IPSS score of 15 (range 1 to 33) received 12 beak­
ers each and completed several micturitions free 
of artifacts. During a 2- or 3-day period, 3 to 12 
(median 10) measurements were obtained from 
each patient. A total of 1850 flow measurements 
were recorded at home, and the quality-control 
system indicated that there were possible artifacts 
in 223 flows (12%). After visual evaluation of all 
flows by one of the authors (W.W.), there ap­
peared to be 1670 (90%) correctly measured flows 
in total. The median num ber of registered flows 
per patient for each daytime period, as well as the 
total num ber of flows within each obstruction cat­
egory, is indicated in Table I. This table shows that 
the num ber of flows produced at specific daytime 
periods was not significantly different between ob­
struction groups.
Table II and Figure 2 indicate the mean flow 
values for the flow produced in the hospital and
the flows produced  at hom e for each daytime pe­
riod w ithin obstruction  categories. Except for 
voided volumes produced betw een m idnight and
6 a m , the differences in voided volume and m ax­
im um  flow betw een obstruction groups were all 
statistically significant (Table II). Severely ob­
structed patients (LPURR of 4 or more) had a sig­
nificantly smaller m ean voided volume and mean 
m axim um flow.
Table II and Figure 2A show that, in all obstruc­
tion categories, the m ean voided volum e produced 
between m idnight and 6 a m  was significantly 
greater com pared w ith  the flows produced in the 
afternoon and evening, w hereas the smallest mean 
voided volum e at hom e is produced in the after­
noon (Fig. 2A). For the groups w ithout obstruc­
tion (LPURR of 0 or 1) and w ith m oderate obstruc­
tion (LPURR of 2 or 3), m ean voided volume 
produced at the hospital was significantly greater
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FIGURE 2. (A) Mean voided volume, /BJ maximum 
flow, and (C) flow time values and their 95% confidence 
intervals (Cl) for each linear passive urethral resistance 
relation (L-PURR) obstruction category. The circle and 
dotted Cl indicate the mean values for the flow produced 
at the hospital. The squares and the solid Cls indicate 
from the left to the right side, respectively, the mean 
values of the flows produced at night (from midnight to 
6 a m ) ,  In the morning (6 a m  to noon), in the afternoon 
(noon to 6  p m ), and in the evening ( 6  p m  to midnight).
compared w ith that produced at home in the af­
ternoon (Fig. 2A).
tients, the maximum flow in the evening was again
significantly smaller (Fig. 2B).
In the moderately and severely obstructed pa­
tients, the significantly greater mean voided vol­
umes and smaller mean maximum flow values be­
tween m idnight and 6 a m  resulted in statistically 
significant differences in mean flow time in that 
period but not in  other periods of the day. Severely 
obstructed patients had approximately a doubling 
of their flow time between m idnight and 6 a m  
when compared w ith the afternoon and evening. 
This difference was less pronounced in patients 
who were not obstructed. Mean flow time at the 
hospital was comparable w ith that produced at 
home between midnight and 6 AM (Fig. 2C).
W e further investigated the group with extreme 
differences in  voided volume and maximum flow 
between the flows produced in the m orning and 
those produced in the afternoon. The m edian ab­
solute difference for voided volume was 50 mL and 
for maximum flow 2 m l/s. As indicated by statis­
tically significant differences in the urodynamic 
values for detrusor pressure at maximum flow, 
URA, and LPURR obstruction category, the group 
with absolute differences in voided volume ex­
ceeding 50 mL and in maximum peak exceeding 
2 mL7s was significantly less obstructed compared 
with those w ithout extreme differences, whereas 
the other clinical parameters of age, total IPSS, and 
prostate volume were not significantly different 
(Table III).
We also investigated differences between pa­
tients who had a voided volume of over 150 mL 
in less than 50% of the flows produced at home 
versus those with voided volumes over 150 mL in 
50% or more of the flows produced at home. A 
total of 125 patients (74%) had voided volumes 
over 150 mL in 50% or more of the flows produced 
at home. Patients who had voided volumes over 
150 mL in less than 50% of the flows had signifi­
cant differences in the urodynamic values of blad­
der capacity, detrusor pressure at maximum flow, 
URA, and LPURR obstruction category, indicating 
that they were more obstructed compared with 
those who had voided volumes over 150 mL in 
50% or more of the flows. The other clinical pa­
rameters of age and prostate volume were not sig­
nificantly different among both groups (Table IV). 
Total IPSS was significantly greater in  those who 
had voided volumes over 150 mL in less than 50% 
of the flows. W hen evaluating the specific symp-
The m ean m axim um  flow in patients w ithout toms, it appeared that this significant greater total 
obstruction was no t significantly different between symptom score originated mainly from symptoms 
specific daytime periods (Table II, Fig. 2B). In the related to frequency: repeated urination, urge, and
patients w ith m oderate and severe obstruction, the 
m axim um  flow produced at home in the afternoon 
was significantly greater than that produced in the
nocturia. All these symptoms were significantly 
more frequently reported than in those who had 
voided volumes over 150 mL in 50% or more of
morning. Moreover, in severely obstructed pa- the flows.
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TABLE 111.
w ..— * - ■ •** — ™ I » ^ I  IWIII H ■ ■»■»» — • * ■■ ™ w
Patient characteristics of the groups of patients with and without extreme absolute 
differences in voided volume and maximum flow
Age {yr)
Total IPSS score 
Prostate volume 
(mL)
Bladder capacity 
(mL)
Detrusor pressure at 
maximum flow 
(cm H20)
URA (cm H20)
LPURR category
Difference in
Morning/Afternoon 
Voided Volume =s50 
mL (n = 73)
62 ± 8 
15.9 ± 6.7
41 ± 17
365 ± 1 17
58.2 ± 30.5 
37.4 ± 20.9 
2.5 ± 1.6
Difference in 
Morning/Afternoon 
Voided Volume >50  
mL (n = 86)
61 ± 9
15.7 ± 6.5
40 ± 22
419 ± 132
45.8 ± 20.0*
29.9 ± 16.1 *
1.9 ± 1.3*
Difference in 
Morning/Afternoon 
Maximum Flow <2  
mL/s (n = 81)
Difference in 
Morning/Afternoon 
Maximum Flow 
mUs (n -  76)
63 ± 9 
15.5 ± 6.4
60 ± 8 
16.1 ± 6.8
43 ± 22 39 ± 18
383 ± 110 407 ±  145
55.0 ± 25.3 
36.3 ± 19.5
2.4 ± 1.5
47.0 ± 25.8*
29.4 ±  16.0*
1.9 ± 1.4*
Key; IPSS — International Prostate Symptom Score; LPURR =  linear passive urethral resistance relation; URA = urethral re s is tan ce  factor.
* Indicates significant difference CP <0.05) between groups (Wilcoxon rank-sum W  test).
«J
TABLE IV. Patient characteristics of the groups of patients with 
less than 50% of the voided volumes produced at home over 150 mL 
(n = 45) and those with 50% or more of the voided volumes produced
at home over 150 mL (n -  125)
<50% of the 
Voided 
Volumes 
Produced at 
Home >150 mL
s=50% of the 
Voided 
Volumes 
Produced at 
Home >150 mL
Age (yr) 61 ± 9 62 ± 8
Total IPSS score 19.0 ± 7.7 14.6 ± 5.9*
IPSS 1; incomplete emptying 2.4 ± 1.8 1.8 ± 1.6
IPSS 2; repeated urination 3.4 ± 1.5 2.5 ± 1.5*
IPSS 3; intermittency 2.7 ± 2.0 2.2 ± 1.6
IPSS 4; urge 3.1 ± 2.0 1.9 ± 1.7*
IPSS 5; reduced stream 3.7 ± 1.6 3.2 ± 1.5
IPSS 6; strain to start 1.5 ± 1.6 1.2 ± 1.3
IPSS 7; nocturia 2.4 ± 1.3 1.9 ±1 . 1 *
Prostate volume (mL) 44 ± 25 39 ± 17
Bladder capacity (mL) 307 ± 91 428 ± 123*
Detrusor pressure at maximum flow (cm H20) 63.9 ± 34.9 46.3 ± 19.5*
4
URA (cm H20) 43.1 ± 26.3 29.1 ± 13.2*
LPURR category 2.8 ± 1.9 1.9 ± 1.3*
Key; IPSS = International Prostate Symptom Score; LPURR =  linear passive urethral resistance relation; URA *  urethral 
resistance factor.
* Indicates signijicant difference (P <0.05) between groups (Wilcoxon rank-sum W test).
The effect of excluding flows with voided vol­
umes of less than 100 mL and of less than 150 mL
on the mean voided volume and maximum flow 
produced in the m orning and afternoon is indi­
cated in  Table V.
COMMENT
For decades, uroflowmetry has played a major 
role in the evaluation of patients with lower u ri­
nary tract symptoms. Urologists use uroflowmetry
UROLOGY 50 (2), 1997
m easurem ents, together w ith patient symptoms 
and other clinical findings* to decide on the need 
for therapeutic intervention. M ost urologists now ­
adays agree that only patients w ith BOO should 
undergo surgical in terven tion10; nevertheless, the 
decision for surgery is usually  based prim arily on 
the nature and  severity of sym ptom s and the re­
sults of uroflowm etry. A urodynam ic investigation 
w ith pressure-flow  study analysis is considered to 
be the reference standard  to determ ine BOO.11
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However, rather than performing this invasive in­
vestigation, uroflowmetry is m ost often used to 
document voiding disorders because it is simple to 
perform, the results are quickly available, and re­
fined flowmeters are easy to use.12 Besides its di­
agnostic role, uroflowmetry has evolved as one of 
the most im portant evaluation methods in the as­
sessment of the efficacy of drug treatments and 
other therapies in patients with lower urinary tract 
symptoms. The most modern flowmeters allow the 
measurement of voided volume, maximum flow, 
mean flow, and flow time. Moreover, the flow pat­
tern can be described. Among the many parame­
ters, maximum flow is regarded as the most useful 
in assessing the degree of obstruction and in m on­
itoring treatm ent effects. Despite its popularity, 
uroflowmetry is hampered by several difficulties, 
including its inability to differentiate between 
BOO and impaired detrusor activity, artifacts, re­
producibility, and circadian changes.2,5_7,,1:3”16
Golomb et al.2 studied circadian changes in a 
group of patients with benign prostatic hyperpla­
sia (BPH) and a group of healthy men. They re­
ported in patients with BPH an increase in voided 
volume, interval to maximum flow, and flow time 
from m idnight to 6 am and a decrease in volume- 
adjusted peak flow from m idnight to noon and in 
peak flow from 6 am to noon. Nakamura et al.5 
reported typical circadian rhythm s for m ost pa­
tients investigated. Most patients showed a de­
creased frequency at night and an increased voided 
volume in the early morning, which was consid­
ered the typical rhythm  of urination. These inves­
tigators also showed that, from midnight to 6 am, 
the frequency in elderly men was significantly 
greater than that in a middle-aged group. This in­
creased frequency was primarily due to an increase 
in diuresis in  the elderly men investigated.6 Burgio 
et al.7 reported a frequency of diurnal urination of 
5.5 for the age category reported in the present 
study. Unfortunately, we were not able to report 
circadian changes in frequency or diuresis. In the 
present study, the total num ber of flow measure­
ments obtained from each patient during a 2- to 
3-day period was between 3 and 12 (median 10). 
This is less than what could be expected w hen the 
home-based uroflowmeter was used continuously 
for this period. Although the flowmeter was not 
used continuously by all patients and we cannot, 
therefore, report on circadian changes in  fre­
quency, some im portant findings can be gleaned 
from the present study.
We reported an increase in voided volume and 
flow time, both interrelated parameters, from m id­
night to 6 am, which is in agreement with the re­
sults of Golomb et al.2 and Nakamura et al.5,6 De­
spite a clearly greater voided volume at night, 
maximum flow was not significantly greater.
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There was a close relationship between voided 
volume produced between midnight and 6 a m  and 
voided volume produced at the hospital. The 
greater voided volume produced at the hospital 
could be explained probably because the results 
were obtained under “forced” conditions. This is 
not surprising because the sole aim at the outpa­
tient department in the hospital is to have the blad­
der as full as possible, whereas at home, the timing 
of micturition is related to other normal daily ac­
tivities. The value of the “supranormal” values ob­
tained under the conditions of the outpatient de­
partment may be questioned when they are used as 
inclusion criteria in treatment protocols.
In the present study, it was shown that there is 
a circadian variability in urinary flow values in 
men with higher grades of obstruction. These m en 
have a higher peak urinary flow with a smaller 
voided volume and thus a shorter flow time in the 
early afternoon when compared with late evening, 
early morning, and the m idnight to m orning pe­
riods. This significantly greater maximum flow in 
the afternoon in m en w ith higher grades of ob­
struction can be an im portant bias in studies where 
the primary end point is to assess a small improve­
ment of m axim um  flow. Therefore, the circadian 
rhythm  of uroflow has to be taken into account in  
the evaluation of the efficacy of treatment.
Circadian changes in voided volume and maxi­
mum flow result in m arked differences in flow 
time. W hereas the differences between obstruction 
categories in flow time for the voidings produced 
at the hospital were not statistically significant, the 
difference in flow time for the voidings produced 
at home between m idnight and 6 a m  was statisti­
cally significant. Between midnight and 6 a m , se­
verely obstructed patients have approximately a 
doubling of flow time compared with the flows 
produced in the afternoon and evening.
How can we explain this circadian variability? 
Kaplan and Kaplan,17 based on the similarity of 
patterns of occurrence between hypertension and 
BPH, suggested a shared underlying mechanism. 
They stated that “There is substantial evidence that 
the sympathetic nervous system plays an im por­
tant etiologic role in both  hypertension and BPH. 
The level of sympathetic drive may have a circa­
dian rhythm  reaching a peak in the early morning, 
the time of the day at which most cardiovascular 
events occur.” If this level of sympathetic drive re ­
ally influences the lower urinary tract, the maxi­
mum flow of flows produced during the m orning 
would be lower; this appeared to be true in our 
study. This circadian rhythm  also exists in asth­
matic patients, who experience a circadian varia­
tion with increased airway responsiveness and de­
creased lung function at night and the early 
morning compared w ith the rest of the day.18 Fu­
ture studies are needed to elucidate the patho­
physiology of the circadian variation in  patients 
w ith hypertension, asthm a, and BPH.
Patients w ith extrem e differences between the 
m orning and afternoon flow were m ore likely to 
be w ithout BOO. Obviously, patients w ithou t ob­
struction have greater voided volumes and greater 
m axim um  flows; consequently, a greater variabil­
ity may be expected.
In the group of patients w ith  severe obstruction, 
the flow produced in  the afternoon had a mean 
voided volum e of 143 mL w ith  a standard devia­
tion of 50 mL. This indicates that a considerable 
percentage of patients has an  initial voided volume 
of less than 150 mL, a cutoff po in t that is fre­
quently used as selection criterion in clinical trials. 
Evidently, som e patients w ith obvious BOO do not 
enter these trials, whereas the largest urodynam ic 
treatm ent responses are reported in patients w ith 
low maximal flow rates.19 W hen the flows w ith 
voided volum es less than  150 mL are excluded 
from the analysis and the m orning and afternoon 
results of flow at hom e are compared, it is clear 
that the im provem ent in  m axim um  flow seems to 
increase. This m ay be explained by the fact that 
the afternoon flow has a significantly lower voided 
volume and relatively m ore flows are excluded in 
the afternoon because the volum e is less than 150 
mL, which m ay overem phasize the increase in 
maximum flow in  the afternoon.
In the present study, patients w ho had  voided 
volumes less than 150 mL in the m ajority of their 
flows were m ore obstructed than those who had 
voided volumes over 150 mL in the m ajority of 
their flows. M oreover, the total IPSS score was sig­
nificantly smaller in  the latter group. This smaller 
total IPSS score in  patients who had voided vol­
umes over 150 mL in  the m ajority of their flows 
was primarily due to sym ptom s that are related to 
frequency: repeated urination, urge, and nocturia. 
All these sym ptom s were significantly less fre­
quently reported  in  patients who had voided vol­
umes over 150 mL in the m ajority of their flows. 
Obviously, there is a direct relationship between 
obstruction, low er voided volumes, and frequency. 
These results are in  agreem ent w ith the results of 
El Din et al.,20 w ho investigated the correlation be­
tween the diagnosis of BOO and individual sym p­
toms of the IPSS. They concluded that there was 
a statistically significant correlation between the 
specific questions of the IPSS and objective grade 
of obstruction; in  addition, the questions related 
to frequency (repeated urination , urge, and noc­
turia) showed better correlations w ith obstruction 
than did other questions. However, the clinical sig­
nificance of this finding was considered to be 
doubtful because none of the Spearman rank-cor- 
relation coefficients was above 0.23, indicating
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very weak correlations. Furtherm ore, there was 
considerable overlap of symptom scores between 
patients w ith different grades of BOO.20 We agree 
with their conclusion that subjective and objective 
m ethods m easure different aspects of the clinical 
condition that should be viewed separately in the 
evaluation and treatm ent decision for the symp­
tomatic patient.
CONCLUSIONS
There is an im portant circadian variability in  uri­
nary flow values in  men w ith higher grades of ob­
struction. These m en have a higher peak urinary 
flow w ith a smaller voided volume and thus a 
shorter flow time in the early afternoon when com­
pared w ith late evening, early morning, and the 
m idnight to m orning periods. This significantly 
greater m axim um  flow in  the afternoon in  men 
w ith higher grades of obstruction can be an im­
portan t bias in  studies where the prim ary end 
point is to assess a small improvement of maxi­
m um  flow. Therefore, the circadian rhythm  of uro- 
flow has to be taken into account in  the evaluation 
of the efficacy of treatm ent. Patients participating 
in clinical research studies should produce their 
urinary flow in  the clinic always at the same time, 
either in the m orning or in the afternoon, and 
should no t switch their appointm ent time.
A c k n o w l e d g m e n t .  To Ben Hendriks, who provided ex­
cellent technical assistance.
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